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AUTONOMOUS DISTRESS TRACKING more ADT devices can be configured to transmit third data 
DEVICE continuously via the second transmitter . 

Another aspect of the present disclosure relates to a 
FIELD method for beaconing for vehicle recovery . The method can 

5 include determining , by one or more autonomous distress 
The present subject matter relates generally to an aerial tracking ( ADT ) devices installed in a designated fire zone , 

vehicle . a state of the vehicle . The state of the vehicle can be one of : 
a normal state , a possible distress state , and a distress state . 

BACKGROUND When the state of the vehicle is the normal state , the method 
can include transmitting first data via a first transmitter at a 

An aerial vehicle can include one or more emergency first interval , wherein the first transmitter is configured to 
locator transmitters ( ELTS ) . When an aerial vehicle fails to transmit messages over a frequency band used for normal 
arrive at an expected destination , a search and rescue team communications . When the state of the vehicle is the pos 
can be dispatched . The search and rescue team can be aided sible distress state , the method can include transmitting 

15 second data via the first transmitter at a second interval . by signals from the one or more ELTs onboard the aerial 
vehicle . A bad actor may tamper with the one or more ELTS . When the state of the vehicle is the distress state , the method 
The search and rescue team may receive no data or bad data can include transmitting third data continuously via a second 

transmitter , wherein the second transmitter is configured to from an ELT that has been tampered with . transmit messages over a frequency band reserved for emer 
BRIEF DESCRIPTION gency communications . 

Other example aspects of the present disclosure are 
directed to systems , methods , aerial vehicles , avionics sys Aspects and advantages of embodiments of the present 

disclosure will be set forth in part in the following descrip tems , devices , non - transitory computer - readable media for 
tion , or may be learned from the description , or may be 25 can be made to these example aspects of the present disclo beaconing for vehicle recovery . Variations and modifications 
learned through practice of the embodiments . 
One example aspect of the present disclosure relates to an These and other features , aspects and advantages of 

aerial vehicle . The aerial vehicle can include an avionic various embodiments will become better understood with 
system . The aerial vehicle can include one or more autono reference to the following description and appended claims . 
mous distress tracking ( ADT ) devices installed in a desig- 30 The accompanying drawings , which are incorporated in and 
nated fire zone . The one or more ADT devices can include constitute a part of this specification , illustrate embodiments 
a first transmitter configured to transmit messages over a of the present disclosure and , together with the description , 
frequency band used for normal communications . The one serve to explain the related principles . 
or more ADT devices can include a second transmitter 
configured to transmit messages over a frequency band 35 BRIEF DESCRIPTION OF THE DRAWINGS 
reserved for emergency communications . The one or more 
ADT devices can be configured to determine a state of the Detailed discussion of embodiments directed to one of 
aerial vehicle , wherein the state of the aerial vehicle is one ordinary skill in the art are set forth in the specification , 
of : a normal state , a possible distress state , and a distress which makes reference to the appended figures , in which : 
state . When the state of the aerial vehicle is the normal state , 40 FIG . 1 depicts an aerial vehicle according to example 
the one or more ADT devices can be configured to transmit embodiments of the present disclosure ; 
first data via the first transmitter at a first interval . When the FIG . 2A depicts a block diagram of an autonomous 
state of the aerial vehicle is the possible distress state , the distress tracking ( ADT ) device according to example 
one or more ADT devices can be configured to transmit embodiments of the present disclosure ; 
second data via the first transmitter at a second interval . 45 FIG . 2B depicts a block diagram of an ADT device 
When the state of the aerial vehicle is the distress state , the according to example embodiments of the present disclo 
one or more ADT devices can be configured to transmit third sure ; 
data continuously via the second transmitter . FIG . 2C depicts a block diagram of an ADT device 

Another aspect of the present disclosure relates to a according to example embodiments of the present disclo 
system for beaconing for vehicle recovery . The system can 50 sure ; 
include one or more autonomous distress tracking ( ADT ) FIG . 3 depicts a flow diagram of an example method 
devices installed in a designated fire zone . The one or more according to example embodiments of the present disclo 
ADT devices can include a first transmitter configured to 
transmit messages over a frequency band used for normal FIG . 4 depicts a control system for implementing one or 
communications . The one or more ADT devices can include 55 more aspects according to example embodiments of the 
a second transmitter configured to transmit messages over a present disclosure . 
frequency band reserved for emergency communications . 
The one or more ADT devices can be configured to deter DETAILED DESCRIPTION 
mine a state of the vehicle , wherein the state of the vehicle 
is one of : a normal state , a possible distress state , and a 60 Reference now will be made in detail to embodiments , 
distress state . When the state of the vehicle is the normal one or more examples of which are illustrated in the draw 
state , the one or more ADT devices can be configured to ings . Each example is provided by way of explanation of the 
transmit first data via the first transmitter at a first interval . embodiments , not limitation of the embodiments . In fact , it 
When the state of the vehicle is the possible distress state , will be apparent to those skilled in the art that various 
the one or more ADT devices can be configured to transmit 65 modifications and variations can be made in the present 
second data via the first transmitter at a second interval . disclosure without departing from the scope or spirit of the 
When the state of the vehicle is the distress state , the one or invention . For instance , features illustrated or described as 

sure ; and 
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part of one embodiment can be used with another embodi have lost power ) , when the first set of location coordinates 
ment to yield a still further embodiment . Thus , it is intended do not match the second set of location coordinates , etc. 
that the present disclosure covers such modifications and In this way , the systems and methods according to 
variations as come within the scope of the appended claims example aspects of the present disclosure can have a number 
and their equivalents . 5 of technical effects and benefits . For instance , example 
As used in the specification and the appended claims , the aspects of the present disclosure have a technical effect of 

singular forms “ a , " " an , ” and “ the ” include plural referents reducing computational resources needed to locate an aerial 
unless the context clearly dictates otherwise . The use of the vehicle that fails to arrive at its intended destination . 
term “ about " in conjunction with a numerical value refers to In some embodiments , the systems and methods of the 
within 25 % of the stated amount . 10 present disclosure also provide an improvement to a com 

An aerial vehicle can include one or more designated fire putation system . For example , the systems and methods can 
zones . A designated fire zone can be an area of the aerial determine a state of the aerial vehicle , wherein the state of 
vehicle that is designed to withstand and / or contain an the aerial vehicle is one of : a normal state , a possible distress 
extremely hot fire . Generally , passengers and crew should state , and a distress state ; when the state of the aerial vehicle 
not be able to access the one or more designated fire zones 15 is the normal state , transmit data via a first transmitter at a 
while the aerial vehicle is in flight . Example designated fire first interval , wherein the first transmitter is configured to 
zones include an engine assembly , a nacelle , a fairing , etc. transmit messages over a frequency band used for normal 

The aerial vehicle can include one or more autonomous communications ; when the state of the aerial vehicle is the 
distress tracking ( ADT ) devices . The one or more ADT possible distress state , transmit data via the first transmitter 
devices can be mounted in one or more of the one or more 20 at a second interval ; and when the state of the aerial vehicle 
designated fire zones . The one or more ADT devices can be is the distress state , transmit data continuously via a second 
located proximate to one or more full authority digital transmitter , wherein the second transmitter is configured to 
engine controls ( FADECs ) . The one or more ADT devices transmit messages over a frequency band reserved for emer 
can utilize a same power source as the one or more FADECs . gency communications . This can reduce computational 
The one or more ADT devices can receive power without 25 resources needed to locate an aerial vehicle that fails to 
use of a circuit breaker . arrive at its intended destination . 

The one or more ADT devices can include a communi FIG . 1 depicts an example system for beaconing for 
cation interface for communicating with each other and vehicle recovery according to example embodiments of the 
other avionic systems . The one or more ADT devices can present disclosure . As shown , the system can include an 
receive an identifier associated with the aerial vehicle via the 30 aerial vehicle 102. The aerial vehicle 102 can include an 
communication interface . The one or more ADT devices can onboard computing system 110. As shown in FIG . 1 , the 
receive a first set of location coordinates via the communi onboard computing system 110 can include one or more 
cation interface . The first set of location coordinates can onboard computing device ( s ) 104 that can be associated 
include global positioning system ( GPS ) coordinates . The with , for instance , an avionics system . The avionics system 
one or more ADT devices can include or be in communi- 35 can include or be in communication with a location system , 
cation with a secondary location system . The secondary for example . The location system can include a global 
location system can be a GPS system . The one or more ADT positioning system ( GPS ) , inertial reference systems , and 
devices can receive a second set of location coordinates via the like . The onboard computing device ( s ) 104 can be 
the secondary location system . The first set of location coupled to a variety of systems on the aerial vehicle 102 over 
coordinates can include GPS coordinates . 40 a communications network 115. The communications net 

The one or more ADT devices can include a first trans work 115 can include a data bus or combination of wired 
mitter for standard beaconing . The one or more ADT devices and / or wireless communication links . 
can transmit the identifier associated with the aerial vehicle The onboard computing device ( s ) 104 can be in commu 
and other information via the first transmitter at a first nication with a display system 125 including one or more 
interval during normal operation . For example , the first 45 display device ( s ) that can be configured to display or oth 
interval can be 15 minutes . The one or more ADT devices erwise provide information generated or received by the 
can transmit the identifier associated with the aerial vehicle system 110 to flight crew members of the aerial vehicle 102 . 
and other information via the first transmitter at a second The display system 125 can include a primary flight display , 
interval during possible distress situation . For example , the a multipurpose control display unit , or other suitable flight 
second interval can be 1 minute . 50 displays commonly included within a cockpit of the aerial 

The one or more ADT devices can include a second vehicle 102 . 
transmitter for distress signaling . The one or more ADT The onboard computing device ( s ) 104 can also be in 
devices can continuously transmit the identifier associated communication with a flight control computer 130. The 
with the aerial vehicle and other information via the second flight control computer 130 can , among other things , auto 
transmitter during a confirmed distress situation . The second 55 mate the tasks of piloting and tracking the flight plan of the 
transmitter can transmit over a frequency band reserved for aerial vehicle 102. The flight control computer 130 can 
emergency communications . For instance , 406 MHz , 121.5 include or be associated with , any suitable number of 
MHz , and 243 MHz can be examples of frequency bands individual microprocessors , power supplies , storage 
that are reserved for emergency communications . A con devices , interface cards , auto flight systems , flight manage 
firmed distress situation can include , for example , one of the 60 ment computers , and other standard components . The flight 
one or more ADT devices losing power from a primary control computer 130 can include or cooperate with any 
power source ( a strong indication that an associated engine number of software programs ( e.g. , flight management pro 
has lost power ) , more than one of the one or more ADT grams ) or instructions designed to carry out the various 
devices losing power from a primary power source ( a strong methods , process tasks , calculations , and control / display 
indication that multiple associated engines have lost power ) , 65 functions necessary for operation of the aerial vehicle 102 . 
all of the one or more ADT devices losing power from a The flight control computer 130 is illustrated as being 
primary power source ( a strong indication that all engines separate from the onboard computing device ( s ) 104. Those 
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of ordinary skill in the art , using the disclosures provided identifier associated with the aerial vehicle , flight informa 
herein , will understand that the flight control computer 130 tion ( such as altitude , direction , speed ) , etc. 
can also be included with or implemented by the onboard The ADT device 200 can include a control system 206 , 
computing device ( s ) 104 . such as the control system 400 described in FIG . 4. The ADT 

The onboard computing device ( s ) 104 can also be in 5 device 200 can draw power from a primary power source 
communication with one or more aerial vehicle control 214. The primary power source 214 can be in communica 
system ( s ) 140. The aerial vehicle control system ( s ) 140 can tion with a gearbox of an engine and / or an electrical gen 
be configured to perform various aerial vehicle operations erator connected to and / or integrated with the gearbox . The 
and control various settings and parameters associated with primary power source 214 can also provide power to a full 
the aerial vehicle 102. For instance , the aerial vehicle control 10 authority digital engine control ( FADEC ) . The ADT device 
system ( s ) 140 can be associated with one or more engine ( s ) 200 can include a secondary power source 208. The sec 
120 and / or other components of the aerial vehicle 102. The ondary power source 208 can power the ADT device 200 

when the ADT device 200 is unable to draw power from the aerial vehicle control system ( s ) 140 can include , for primary power source 214. The secondary power source 208 instance , digital control systems , throttle systems , inertial 15 can include a battery . The secondary power source 208 can reference systems , flight instrument systems , engine control include a fuel cell . 
systems , auxiliary power systems , fuel monitoring systems , The ADT device 200 and / or the control system 206 can be 
engine vibration monitoring systems , communications sys in communication with an avionic system 210. The ADT 
tems , flap control systems , flight data acquisition systems , device 200 and / or the control system 206 can , for example , 
and other systems . 20 receive a first set of location coordinates from the avionic 

The aerial vehicle can include a datalink protocol for system 210. The first set of location coordinates can include 
communicating over satellite , very high frequency ( VHF ) global positioning system ( GPS ) coordinates . In an embodi 
radio , and / or high frequency ( HF ) radio , such as an aircraft ment , the ADT device 200 can communicate with other ADT 
communications addressing and reporting system ( AC devices via the avionic system 210. In another embodiment , 
ARS ) . The aerial vehicle can include one or more autono- 25 the ADT device 200 can communicate with other ADT 
mous distress tracking ( ADT ) devices 150 , described in devices via a wired or wireless communication interface of 
more detail in FIGS . 2A - 2C . The one or more ADT devices the control system 206. The ADT device 200 can be in 
150 can be located in one or more designated fire zones of communication with a secondary location antenna 212. The 
the aerial vehicle 102. For example , the one or more ADT secondary location antenna 212 can include , for example , a 
devices 150 can be located in one or more nacelles of the 30 GPS antenna . The ADT device 200 and / or the control 
aerial vehicle 102. In another example , the one or more ADT system 206 can get the first set of location coordinates from 
devices 150 can be located on the one or more engine ( s ) 120 a primary location system , such as through the avionic 
of the aerial vehicle 102. In yet another example , the one or system 210. The ADT device 200 and / or the control system 
more ADT devices 150 can be located in one or more 206 can receive a second set of location coordinates from a 
fairings of the aerial vehicle 102 . 35 secondary location antenna 212. The second set of location 

The numbers , locations , and / or orientations of the com coordinates can include GPS coordinates . The ADT device 
ponents of example aerial vehicle 102 are for purposes of 200 and / or the control system 206 can determine a state of 
illustration and discussion and are not intended to be limit the aerial vehicle . For example , the ADT device 200 and / or 
ing . Those of ordinary skill in the art , using the disclosures the control system 206 can determine the state of the aerial 
provided herein , shall understand that the numbers , loca- 40 vehicle based on an ability to draw power ( for example , if 
tions , and / or orientations of the components of the aerial the ADT device 200 and / or the control system 206 draws 
vehicle 102 can be adjusted without deviating from the power from an engine and it can no longer draw power , then 
scope of the present disclosure . the engine may be out ) , a comparison of the first set of 

FIGS . 2A - 2C depict block diagrams of an autonomous location coordinates and the second set of location coordi 
distress tracking ( ADT ) device 200 according to example 45 nates , a signal from the avionic system , etc. The ADT device 
embodiments of the present disclosure . The ADT device 200 200 can transmit one or more beacons based on the deter 
can include a first transmitter 202. The first transmitter 202 mined state of the aerial vehicle , which will be explained in 
can be configured to transmit messages over a frequency further detail below . A remote receiver 216 , such as a 
band used for normal communications . The first transmitter receiver on a search and rescue vehicle , can receive the one 
202 can transmit data over the frequency band used for 50 or more beacons . 
normal communications . The data transmitted over the fre Turning to FIG . 2A , an aerial vehicle in a normal state is 
quency band used for normal communications can include : shown . When an aerial vehicle is determined to be in a 
a unique identifier associated with the aerial vehicle , loca normal state , the ADT device 200 can transmit a first beacon 
tion information ( such as location coordinates ) , error / anti 218 from the first transmitter 202 at a first interval . The first 
hacking measures ( such as hashes and / or cyclic redundancy 55 beacon 218 can include first data . In an aspect , the first data 
check ( CRC ) information ) , flight information ( such as alti can include : a unique identifier associated with the aerial 
tude , direction , speed ) , a distress code ( a code that indicates vehicle , location information ( such as location coordinates ) , 
the reason for the distress signal ) , etc. The ADT device 200 error / anti - hacking measures ( such as hashes and / or cyclic 
can include a second transmitter 204. The second transmitter redundancy check ( CRC ) information ) , flight information 
204 can transmit data over the frequency band reserved for 60 ( such as altitude , direction , speed ) , etc. The first interval can 
emergency communications . The data transmitted over the be , for example , 15 minutes . Turning to FIG . 2B , an aerial 
frequency band reserved for emergency communications vehicle in a possible distress state is shown . When an aerial 
can include : a country of origin , a unique 15 digit hexadeci vehicle is determined to be in a possible distress state , the 
mal code , an encoded identification ( such as an aircraft ADT device 200 can transmit a second beacon 220 from the 
registration or a 24 - bit international civil aviation organiza- 65 first transmitter 202 at a second interval . The second beacon 
tion ( ICAO ) address ) , GPS coordinates , a field indicating if 220 can include second data . In an aspect , the second data 
a 121.5 MHz homing transmitter is available , a unique can include : a unique identifier associated with the aerial 
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vehicle , a unique identifier associated with the aerial vehicle , 200 installed in a designated fire zone of the aerial vehicle 
location information ( such as location coordinates ) , error / and / or the control system 400 of the ADT device 200 can 
anti - hacking measures ( such as hashes and / or cyclic redun determine if the aerial vehicle is in a normal state . If the 
dancy check ( CRC ) information ) , flight information ( such as aerial vehicle is in a normal state , the method 300 can move 
altitude , direction , speed ) , a distress code ( a code that 5 to ( 306 ) . If the aerial vehicle is not in a normal state , the 
indicates the reason for the possible distress signal ) , etc. The method 300 can move to ( 308 ) . At ( 306 ) , first data can be 
second interval can be , for example , 1 minute . transmitted via the first transmitter at a first interval . For 

Turning to FIG . 2C , an aerial vehicle in a distress state is example , the ADT device 200 installed in a designated fire 
shown . When an aerial vehicle is determined to be in a zone of the aerial vehicle and / or the control system 400 of 
distress state , the ADT device 200 can transmit the second 10 the ADT device 200 can transmit first data via the first 
beacon 220 from the first transmitter 202 at the second transmitter at a first interval . In an embodiment , the first 
interval and a third beacon 222 continuously from the interval can be 15 minutes , for example . Although 15 
second transmitter 204. The third beacon 222 can include minutes is shown , it is to be understood that any interval may 
third data . In an aspect , the third data can include : a country be used . In an aspect , when the state of the aerial vehicle is 
of origin , a unique 15 digit hexadecimal code , an encoded 15 the normal state , the first data can be transmitted through any 
identification ( such as an aircraft registration or a 24 - bit datalink protocol for communicating over satellite and / or 
international civil aviation organization ( ICAO ) address ) , radio , such as an aircraft communications addressing and 
GPS coordinates , a field indicating if a 121.5 MHz homing reporting system ( ACARS ) of the aerial vehicle . For 
transmitter is available , a unique identifier associated with example , the ADT device 200 installed in a designated fire 
the aerial vehicle , flight information ( such as altitude , direc- 20 zone of the aerial vehicle and / or the control system 400 of 
tion , speed ) , etc. the ADT device 200 can transmit the first data through any 

FIG . 3 depicts a flow diagram of an example method 300 datalink protocol for communicating over satellite and / or 
for beaconing for vehicle recovery . The method of FIG . 3 radio , such as an ACARS of the aerial vehicle . 
can be implemented using , for instance , the autonomous At ( 308 ) , a determination can be made of if the aerial 
distress tracking ( ADT ) device 200 of FIG . 2 or the control 25 vehicle is in a possible distress state . For example , the ADT 
system 400 of FIG . 4. FIG . 3 depicts steps performed in a device 200 installed in a designated fire zone of the aerial 
particular order for purposes of illustration and discussion . vehicle and / or the control system 400 of the ADT device 200 
Those of ordinary skill in the art , using the disclosures can determine if the aerial vehicle is in a possible distress 
provided herein , will understand that various steps of any of state . If the aerial vehicle is in a possible distress state , the 
the methods disclosed herein can be adapted , modified , 30 method 300 can move to ( 310 ) . If the aerial vehicle is not in 
rearranged , performed simultaneously or modified in vari a possible distress state , the method 300 can move to ( 312 ) . 
ous ways without deviating from the scope of the present At ( 310 ) , second data can be transmitted via the first 
disclosure . transmitter at a second interval . For example , the ADT 
At ( 302 ) , a state of an aerial vehicle can be determined . device 200 installed in a designated fire zone of the aerial 

For example , the ADT device 200 installed in a designated 35 vehicle and / or the control system 400 of the ADT device 200 
fire zone of the aerial vehicle and / or the control system 400 can transmit second data via the first transmitter at a second 
of the ADT device 200 can determine a state of an aerial interval . In an embodiment , the second interval can be 1 
vehicle . The state of the aerial vehicle can be one of : a minute , for example . Although 1 minute is shown , it is to be 
normal state , a possible distress state , and a distress state . understood that any interval may be used . In an aspect , the 
The designated fire zone can include an engine , a nacelle , or 40 first data can include a set of fields and the second data can 
a fairing . In an embodiment , a first set of location coordi include the set of fields . The first data can include : a unique 
nates can be received from the avionic system . For example , identifier associated with the aerial vehicle , location infor 
the ADT device 200 installed in a designated fire zone of the mation ( such as location coordinates ) , error / anti - hacking 
aerial vehicle and / or the control system 400 of the ADT measures ( such as hashes and / or cyclic redundancy check 
device 200 can receive a first set of location coordinates 45 ( CRC ) information ) , flight information ( such as altitude , 
from the avionic system . The first set of location coordinates direction , speed ) , etc. The second data can include : a unique 
can include , for example , global positioning system ( GPS ) identifier associated with the aerial vehicle , a unique iden 
coordinates . In a further embodiment , a second set of tifier associated with the aerial vehicle , location information 
location coordinates from a secondary location antenna . For ( such as location coordinates ) , error / anti - hacking measures 
example , the ADT device 200 installed in a designated fire 50 ( such as hashes and / or cyclic redundancy check ( CRC ) 
zone of the aerial vehicle and / or the control system 400 of information ) , flight information ( such as altitude , direction , 
the ADT device 200 can receive a second set of location speed ) , a distress code ( a code that indicates the reason for 
coordinates from a secondary location system . The second the possible distress signal ) , etc. 
set of location coordinates can include , for example , GPS At ( 312 ) , a determination can be made of if the aerial 
coordinates . The secondary location antenna can include a 55 vehicle is confirmed to be in a distress state . For example , 
GPS antenna . In yet a further embodiment , the first set of the ADT device 200 installed in a designated fire zone of the 
location coordinates can be compared with the second set of aerial vehicle and / or the control system 400 of the ADT 
location coordinates . For example , the ADT device 200 device 200 can determine if the aerial vehicle is confirmed 
installed in a designated fire zone of the aerial vehicle and / or to be in a distress state . If the aerial vehicle is confirmed to 
the control system 400 of the ADT device 200 can compare 60 be in a distress state , the method 300 can move to ( 314 ) . If 
the first set of location coordinates with the second set of the aerial vehicle is not confirmed to be in a distress state , 
location coordinates . In an aspect , the determination of the the method 300 can move to ( 302 ) . At ( 314 ) , third data can 
state of the aerial vehicle is determined at least in part on the be transmitted continuously via the second transmitter . For 
comparison of the first set of location coordinates and the example , the ADT device 200 installed in a designated fire 
second set of location coordinates . 65 zone of the aerial vehicle and / or the control system 400 of 

At ( 304 ) , a determination can be made of if the aerial the ADT device 200 can transmit third data continuously via 
vehicle is in a normal state . For example , the ADT device the second transmitter . In an embodiment , when the state of 



US 10,571,909 B2 
9 10 

the aerial vehicle is the distress state , data can be transmitted processor ( s ) 404 can include any suitable processing device , 
via the first transmitter at the second interval . For example , such as a microprocessor , microcontroller , integrated circuit , 
when the state of the aerial vehicle is the distress state , the logic device , or other suitable processing device . The one or 
ADT device 200 installed in a designated fire zone of the more memory device ( s ) 406 can include one or more 
aerial vehicle and / or the control system 400 of the ADT 5 computer - readable media , including , but not limited to , 
device 200 can transmit data via the first transmitter at the non - transitory computer - readable media , RAM , ROM , hard 
second interval . In an aspect , the second transmitter can drives , flash drives , or other memory devices . 
transmit over a frequency band reserved for emergency The one or more memory device ( s ) 406 can store infor 
communications . For instance , 406 MHz , 121.5 MHz , and mation accessible by the one or more processor ( s ) 404 , 
243 MHz can be examples of frequency bands that are 10 including computer - readable instructions 408 that can be 
reserved for emergency communications . In an aspect , the executed by the one or more processor ( s ) 404. The instruc 
second transmitter can transmit at a frequency of 406 tions 408 can be any set of instructions that when executed 
megahertz . In an aspect , the second transmitter can transmit by the one or more processor ( s ) 404 , cause the one or more 
at a frequency of 121.5 megahertz . In an aspect , the second processor ( s ) 404 to perform operations . The instructions 408 
transmitter can transmit at a frequency of 243 megahertz . In 15 can be software written in any suitable programming lan 
an embodiment , at least one of the first data , the second data , guage or can be implemented in hardware . In some embodi 
and the third data can include a unique identifier for the ments , the instructions 408 can be executed by the one or 
aerial vehicle . In a further embodiment , at least one of the more processor ( s ) 404 to cause the one or more processor ( s ) 
first data , the second data , and the third data can include 404 to perform operations , such as the operations for bea 
information in addition to the unique identifier for the aerial 20 coning for vehicle recovery , as described with reference to 
vehicle . The third data can include : a country of origin , a FIG . 3 . 
unique 15 digit hexadecimal code , an encoded identification The memory device ( s ) 406 can further store data 410 that 
( such as an aircraft registration or a 24 - bit international civil can be accessed by the one or more processor ( s ) 404. For 
aviation organization ( ICAO ) address ) , GPS coordinates , a example , the data 410 can include any data used for bea 
field indicating if a 121.5 MHz homing transmitter is avail- 25 coning for vehicle recovery , as described herein . The data 
able , a unique identifier associated with the aerial vehicle , 410 can include one or more table ( s ) , function ( s ) , algorithm 
flight information ( such as altitude , direction , speed ) , etc. ( s ) , model ( s ) , equation ( s ) , etc. for beaconing for vehicle 

Optionally , the aerial vehicle can include one or more full recovery according to example embodiments of the present 
authority digital engine controls ( FADECs ) . Each of the one disclosure . 
or more ADT devices can share a primary power source with 30 The one or more computing device ( s ) 402 can also 
an associated FADEC . The one or more ADT devices can include a communication interface 412 used to communi 
include a secondary power source . The secondary power cate , for example , with the other components of system . The 
source can be a fuel cell . The one or more ADT devices can communication interface 412 can include any suitable com 
draw power from the secondary power source when the ponents for interfacing with one or more network ( s ) , includ 
associated primary power source is unavailable . The one or 35 ing for example , transmitters , receivers , ports , controllers , 
more ADT devices can include two or more ADT devices . antennas , or other suitable components . 
The two or more ADT devices can be configured to com The technology discussed herein makes reference to com 
municate with each other . For instance , the two or more puter - based systems and actions taken by and information 
ADT devices can be configured to communicate with each sent to and from computer - based systems . One of ordinary 
other through the avionic system . As another example , the 40 skill in the art will recognize that the inherent flexibility of 
two or more ADT devices can be configured to communicate computer - based systems allows for a great variety of pos 
with each other via a communication bus in communication sible configurations , combinations , and divisions of tasks 
with the two or more ADT devices . As a further example , the and functionality between and among components . For 
two or more ADT devices can be configured to wirelessly instance , processes discussed herein can be implemented 
communicate with each other via a wireless communication 45 using a single computing device or multiple computing 
protocol . In an embodiment , the aerial vehicle can be devices working in combination . Databases , memory , 
determined to be in a distress state based at least in part on instructions , and applications can be implemented on a 
one of the two or more ADT devices switching from drawing single system or distributed across multiple systems . Dis 
power from the primary power source to the secondary tributed components can operate sequentially or in parallel . 
power source . In an embodiment , the aerial vehicle can be 50 Although specific features of various embodiments may 
determined to be in a distress state based at least in part on be shown in some drawings and not in others , this is for 
more than one of the two or more ADT devices switching convenience only . In accordance with the principles of the 
from drawing power from the primary power source to the present disclosure , any feature of a drawing may be refer 
secondary power source . In an embodiment , the aerial enced and / or claimed in combination with any feature of any 
vehicle can be determined to be in a distress state based at 55 other drawing . 
least in part on all of the two or more ADT devices switching This written description uses examples to disclose the 
from drawing power from the primary power source to the invention , including the best mode , and also to enable any 
secondary power source . person skilled in the art to practice the invention , including 

FIG . 4 depicts a block diagram of an example control making and using any devices or systems and performing 
system 400 that can be used to implement methods and 60 any incorporated methods . The patentable scope of the 
systems according to example embodiments of the present invention is defined by the claims , and may include other 
disclosure . The autonomous distress tracking ( ADT ) device examples that occur to those skilled in the art . Such other 
of FIGS . 2A - 2C , for example , can include the control system examples are intended to be within the scope of the claims 
400. As shown , the control system 400 can include one or if they include structural elements that do not differ from the 
more computing device ( s ) 402. The one or more computing 65 literal language of the claims , or if they include equivalent 
device ( s ) 402 can include one or more processor ( s ) 404 and structural elements with insubstantial differences from the 
one or more memory device ( s ) 406. The one or more literal languages of the claims . 
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What is claimed is : on more than one of the two or more ADT devices switching 
1. An aerial vehicle comprising : from drawing power from the primary power source to the 
an avionic system ; secondary power source . 
one or more full authority digital engine controls ( FA 9. The aerial vehicle of claim 6 , wherein the aerial vehicle 
DECS ) ; 5 is determined to be in a distress state based at least in part 

two or more autonomous distress tracking ( ADT ) devices on all of the two or more ADT devices switching from configured to communicate with each other and drawing power from the primary power source to the installed in a designated fire zone comprising : secondary power source . a first transmitter configured to transmit messages over 10. The aerial vehicle of claim 1 , wherein the second a frequency band used for normal communications ; 10 transmitter transmits at a frequency of 406 megahertz . a second transmitter configured to transmit messages 11. The aerial vehicle of claim 1 , wherein the first interval over a frequency band reserved for emergency com is 15 minutes . munications ; 
wherein each of the two or more ADT devices shares a 12. The aerial vehicle of claim 1 , wherein the second 

interval is 1 minute . primary power source with an associated FADEC ; 15 
and 13. The aerial vehicle of claim 1 , wherein the first data 

wherein the two or more ADT devices are configured comprises a set of fields and wherein the second data 
to : comprises the set of fields . 
determine a state of the aerial vehicle , wherein the 14. The aerial vehicle of claim 1 , wherein at least one of 

state of the aerial vehicle is one of : a normal state , 20 the first data , the second data , and the third data comprise a 
a possible distress state , and a distress state ; unique identifier for the aerial vehicle . 

when the state of the aerial vehicle is the normal 15. The aerial vehicle of claim 14 , wherein at least one of 
state , transmit first data via the first transmitter at the first data , the second data , and the third data comprise 
a first interval ; additional information . 

when the state of the aerial vehicle is the possible 25 16. The aerial vehicle of claim 1 , wherein the aerial 
distress state , transmit second data via the first vehicle further comprises an aircraft communications 
transmitter at a second interval ; and addressing and reporting system ( ACARS ) and wherein when the state of the aerial vehicle is the distress when the state of the aerial vehicle is the normal state , the state , transmit third data continuously via the two or more ADT devices are further configured to transmit second transmitter . the first data through the ACARS . 2. The aerial vehicle of claim 1 , wherein when the state of 

the aerial vehicle is the distress state , the two or more ADT 17. A system for beaconing for vehicle recovery compris 
devices are further configured ing : transmit third data via the 
first transmitter at the second interval . one or more full authority digital engine controls ( FA 

3. The aerial vehicle of claim 1 , wherein the designated 35 DECS ) ; and 
fire zone comprises an engine , a nacelle , or a fairing . two or more autonomous distress tracking ( ADT ) devices 

4. The aerial vehicle of claim 1 , wherein the two or more configured to communicate with each other and 
ADT devices are further configured to : installed in a designated fire zone comprising : 

receive a first set of location coordinates from the avionic a first transmitter configured to transmit messages over 
system ; a frequency band used for normal communications ; 

a second transmitter configured to transmit messages receive a second set of location coordinates from a 
secondary location antenna ; and over a frequency band reserved for emergency com 

munications ; compare the first set of location coordinates with the wherein each of the two or more ADT devices shares a second set of location coordinates . 
5. The aerial vehicle of claim 4 , wherein the determination 45 primary power source with an associated FADEC ; 

and of the state of the aerial vehicle is determined at least in part wherein the two or more ADT devices are configured on the comparison of the first set of location coordinates and 
to : the second set of location coordinates . 

6. The aerial vehicle of claim 1 , wherein the two or more determine a state of the vehicle , wherein the state of 
ADT devices further comprise a secondary power source , 50 the vehicle is one of : a normal state , a possible 
wherein the secondary power source is a fuel cell , and distress state , and a distress state ; 

when the state of the vehicle is the normal state , wherein the two or more devices draw power from the transmit first data via the first transmitter at a first secondary power source when the associated primary power interval ; source is unavailable . 
7. The aerial vehicle of claim 6 , wherein the aerial vehicle 55 when the state of the vehicle is the possible distress 

is determined to be in a distress state based at least in part state , transmit second data via the first transmitter 
on one of the two or more ADT devices switching from at a second interval ; and 

when the state of the vehicle is the distress state , drawing power from the primary power source to the 
secondary power source . transmit third data continuously via the second 

transmitter . 8. The aerial vehicle of claim 6 , wherein the aerial vehicle 60 
is determined to be in a distress state based at least in part 

30 
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